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FOAMABLE SUNSCREEN FORMULATION
COMPRISING PIGMENTS

CROSS REFERENCE TO RELATED 5
APPLICATIONS

The present application claims the benefit of U.S. Provi-
sional Patent Application No. 61/545,848, filed Oct. 11,2011,
the disclosure of which 1s incorporated by reference herein in
its entirety.

10

BACKGROUND OF THE INVENTION

15
1. Field of the Invention

The present application relates to sunscreen formulations,
including foamable sunscreen formulations, that comprise
zinc oxide and titanium dioxide particles, suitably at least 5
wt % of which have a primary particle size of greater than
about 100 nm. The compositions also comprise pigments and
suitably produce a minimal residual whitening effect when
applied to a skin surtace.

20

2. Background of the Invention 55

More than 1 million Americans are diagnosed with skin
cancer each year, and many more with pre-cancerous condi-
tions. These numbers continue to increase, not only 1n the
United States, but worldwide. Several factors appear to be
responsible for this alarming rise 1 skin cancer. The con- 30
tinual erosion of the earth’s ozone layer due to pollution
results 1n less available ozone protection than was afforded
previous generations. Also, unlike previous generations,
today there are over 400 medications prescribed that leave
patients with an increased sensitivity to sun exposure and a 35
heightened susceptibility to sun damage. Longer lifespan 1s
also a contributing factor. Greater awareness, increased
patient concern and better diagnosis may help to decrease this

alarming rise in the rate of skin cancer.

Perhaps the most important factor in the rise of skin cancer 40

rates 1s increased exposure to the ultraviolet A (UVA) wave-
length, which 1s typically defined as 320 to 400 nanometers
(nm) 1n the light spectrum (see FIG. 1). Previously thought of
as harmless, this wavelength range 1s now known to contrib-
ute significantly to skin damage, skin cancer, DNA damage
and immune system suppression. UVA rays penetrate the skin

deeper and, unlike UVB rays (defined as the range of 290 to
320 nm, which cause initial redness and burning), damage
from UVA rays 1s not immediately detected. Because UVA

rays remain constant throughout the year and during the day,
we are exposed to them continuously.

45

50

Sunscreen products are traditionally delivered to the skinin
the form of creams, lotions, gels and more recently, by means
of aerosol sprays or mists. Delivery of particles of titanium
dioxide and/or zinc oxide by means of a spray or mist may
create an inhalation hazard during application across the open
air. Consequently, aerosol spray sunscreens currently use
organic chemical sunscreen filters, which are solubilized 1n
the mnactive ingredients prior to delivery to the skin, but the
possibility of inhalation of the sunscreen product remains.

There exists therefore a need for a readily dispensed sun-
screen formulation that 1s easily applied to the skin, reduces
or eliminates possible product inhalation, and maintains a
uniform composition throughout the formulation, particu- 65
larly when utilizing particulate sunscreens, €.g., zinc oxide
and/or titanium dioxide.

2
SUMMARY OF PREFERRED EMBODIMENTS

The needs 1dentified above are met by the present applica-
tion.

In embodiments, foamable sunscreen formulations are
provided. Suitably, the formulations comprise active particles
comprising zinc oxide particles and titanium dioxide par-
ticles, about 0.1% to about 10% emulsion stabilizer, about
0.1% to about 25% skin conditioner, about 0.1% to about 10%
emulsifier, about 0.1% to about 10% suspending agent, one or
more pigments, and the remainder water. Suitably at least
about 5 wt % of the active particles have a primary particle
s1ze greater than about 100 nm, and the formulation produces
a minimal residual whitening effect when applied to a skin
surface.

Suitably, the emulsion stabilizer 1s a naturally derived gum
or a modified gum or natural mineral, including for example
acacia, cellulose, crystalline cellulose, gellan, guar, locust
(carob) bean, xanthan, magnesium aluminum silicate, bento-
nite and hectorite clays and/or combinations thereof.

In embodiments, the skin conditioner 1s selected from the
group consisting of adipate esters, alkyl benzoates, fatty acid
esters of C, or greater, esterified erucates, laurates, neopen-
tanoates, salicylates, stearates, triglycerides, carbonates, gly-
cols, glycerin, mineral oils and combinations thereof.

In embodiments, the emulsifier 1s selected from the group
consisting of polysorbates, fatty acids and their alkaline salts,
cthoxylated fatty acids and their alkaline salts of sodium
hydroxide, potassium hydroxide and amines, substituted glu-
cosides, sodium lauryl sulfate and lauryl ether sulfates,
cthoxylated esters, lecithin and lecithin dertvatives and com-
binations thereof.

Suitable suspending agents imnclude, but are not limited to,
hydroxy stearic acid, polyhydroxystearic acid, sodium poly-
acrylate polymers, methyl methacrylate crosspolymers and
combinations thereof.

In embodiments, the formulations further comprise about
0.1% to about 10% film former, for example alkyl methacry-
late acid copolymers, acrylates/C,, ., alkyl methacrylate
copolymer, acrylates/octylacrylamide copolymer, polya-
mide-3, polyurethane-2, polyurethanes-34, polyurethanes-
35, vinyl pyrollidone/eicosene copolymer, tricontanyl/poly-
vinyl pyrollidone, dimethicone substituted polyacrylates and
combinations thereof.

Suitably, at least about 20% of the active particles have a
primary particle size greater than about 100 nm, more suit-
ably least about 50% of the active particles have a primary
particle size greater than about 100 nm, or at least about 75%
of the active particles have a primary particle size greater than
about 100 nm, or about 100% of the active particles have a
primary particle size greater than about 100 nm.

In embodiments, the active particles comprise zinc oxide
particles having a primary particle size greater than about 100
nm and titamum dioxide particles having a primary particle
size less than about 50 nm. In other embodiments, the active
particles comprise titanium dioxide particles having a pri-
mary particle size greater than about 100 nm and zinc oxide
particles having a primary particle size less than about S0 nm.
In still further embodiments, the active particles comprise
titanium dioxide particles having a primary particle size
greater than about 100 nm and zinc oxide particles having a
primary particle size greater than about 100 nm.

Suitably, the one or more pigments comprise 1ron oxide
particles, including red iron oxide particles, yellow iron oxide
particles or black iron oxide particles, and mixtures thereof.
Suitably the 1ron oxide particles are present at about 0.01 wt
% to about 1 wt %.
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Also provided are foamable sunscreen formulations com-
prising active particles comprising zinc oxide particles hav-
ing a primary particle size of less than about 50 nm and
titanium dioxide particles having a primary particle size of
greater than about 100 nm, about 0.1% to about 10% emul-
sion stabilizer, about 0.1% to about 25% skin conditioner,
about 1% to about 10% emulsifier, about 0.1% to about 10%
suspending agent, wron oxide particles, and the remainder
water. Suitably at least about 5 wt % of the active particles
have a primary particle size greater than about 100 nm, and
the formulation produces a minimal residual whitening effect
when applied to a skin surface.

In further embodiments, foamable sunscreen formulations
are provided comprising active particles comprising titanium
dioxide particles having a primary particle size of less than
about 50 nm and zinc oxide particles having a primary par-
ticle size of greater than about 100 nm, about 0.1% to about
10% emulsion stabilizer, about 0.1% to about 25% skin con-
ditioner, about 1% to about 10% emulsifier, about 0.1% to
about 10% suspending agent, iron oxide particles, and the
remainder water. Suitably at least about 5 wt % of the active
particles have a primary particle size greater than about 100
nm, and the formulation produces a minimal residual whit-
ening effect when applied to a skin surface.

Also provided are foamable sunscreen formulations com-
prising active particles comprising titamium dioxide particles
having a primary particle size of greater than 100 nm and zinc
oxide particles having a primary particle size of greater than
about 100 nm, about 0.1% to about 10% emulsion stabilizer,
about 0.1% to about 25% skin conditioner, about 1% to about
10% emulsifier, about 0.1% to about 10% suspending agent,
iron oxide particles, and the remainder water, wherein the
formulation produces a minimal residual whitening eflect
when applied to a skin surface.

In further embodiments, foamable sunscreen formulations
are provided comprising active particles comprising zinc
oxide particles having a primary particle size of less than
about 50 nm and titanium dioxide particles having a primary
particle size of greater than about 100 nm, about 1% micro-
crystalline cellulose and about 0.2% cellulose gum, about
16% C, ,_, < alkyl benzoate, about 1% octyldodecyl neopen-
tanoate, about 1% butyl octyl salicylate, about 1.2% glyceryl
stearate, about 0.5% ceteareth-20, and about 2% polysorbate
80, about 1.8% polyhydroxystearic acid and about 2.7%
methyl methacrylate crosspolymer, about 0.8% polyure-
thane-2, about 0.3% polymethyl methacrylate and about
0.6% tricontanyl PVP film, 1ron oxide particles comprising
red 1ron oxide particles, yellow 1ron oxide particles or black
iron oxide particles, and mixtures thereof, and about 50% to
about 60% water. Suitably at least about 5 wt % of the active
particles have a primary particle size greater than about 100
nm, and the formulation produces a minimal residual whit-
ening effect when applied to a skin surface.

Also provided are foamable sunscreen formulations com-
prising active particles comprising titamium dioxide particles
having a primary particle size of less than about 50 nm and
zinc oxide particles having a primary particle size of greater
than about 100 nm, about 1% microcrystalline cellulose and
about 0.2% cellulose gum, about 16% C, ,_, - alkyl benzoate,
about 1% octyldodecyl neopentanoate, about 1% butyl octyl
salicylate, about 1.2% glyceryl stearate, about 0.5% cet-
careth-20, and about 2% polysorbate 80, about 1.8% polyhy-
droxystearic acid and about 2.7% methyl methacrylate cros-
spolymer, about 0.8% polyurethane-2, about 0.3%
polymethyl methacrylate and about 0.6% tricontanyl PVP
f1lm, 1ron oxide particles comprising red iron oxide particles,
yellow 1ron oxide particles or black 1ron oxide particles, and
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mixtures thereof, and about 50% to about 60% water. Suit-
ably, at least about 5 wt % of the active particles have a
primary particle size greater than about 100 nm, and the
formulation produces a minimal residual whitening effect
when applied to a skin surtace.

In further embodiments, foamable sunscreen formulations
are provided comprising active particles comprising titanium
dioxide particles having a primary particle size of greater than
about 100 nm and zinc oxide particles having a primary
particle size of greater than 100 nm, about 1% microcrystal-
line cellulose and about 0.2% cellulose gum, about 16%
C,,_,s alkyl benzoate, about 1% octyldodecyl neopentanoate,
about 1% butyl octyl salicylate, about 1.2% glyceryl stearate,
about 0.5% ceteareth-20, and about 2% polysorbate 80, about
1.8% polyhydroxystearic acid and about 2.7% methyl meth-
acrylate crosspolymer, about 0.8% polyurethane-2, about
0.3% polymethyl methacrylate and about 0.6% tricontanyl
PVP film, iron oxide particles comprising red iron oxide
particles, yellow 1ron oxide particles or black 1iron oxide par-
ticles, and mixtures thereof, and about 50% to about 60%
water. Suitably the formulation produces a minimal residual
whitening eflect when applied to a skin surface.

Also provided are methods of preventing sun damage to a
patient’s skin surface, comprising applying the foamable sun-
screen formulations described herein to a patient’s skin.

Further embodiments, features, and advantages of the
embodiments, as well as the structure and operation of the
various embodiments, are described 1n detail below.

DESCRIPTION OF THE FIGURES

FIG. 1 shows a diagram of the light spectrum from sun-

light.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

It should be appreciated that the particular implementa-
tions shown and described herein are examples and are not
intended to otherwise limit the scope of the application 1n any
way.

The published patents, patent applications, websites, com-
pany names, and scientific literature referred to herein are
hereby incorporated by reference in their entirety to the same
extent as 1f each was specifically and individually indicated to
be incorporated by reference. Any conflict between any ref-
erence cited herein and the specific teachings of this specifi-
cation shall be resolved 1n favor of the latter. Likewise, any
contlict between an art-understood definition of a word or
phrase and a definition of the word or phrase as specifically
taught 1n this specification shall be resolved in favor of the
latter.

As used 1n this specification, the singular forms “a,” “an”
and ““the” specifically also encompass the plural forms of the
terms to which they refer, unless the content clearly dictates
otherwise. The term “about” 1s used herein to mean approxi-
mately, 1n the region of, roughly, or around. When the term
“about” 1s used 1n conjunction with a numerical range, it
modifies that range by extending the boundaries above and
below the numerical values set forth. In general, the term
“about” 1s used herein to modily a numerical value above and
below the stated value by a variance of 20%. It should be
understood that use of the term “about” also includes the
specifically recited amount.

Technical and scientific terms used herein have the mean-
ing commonly understood by one of skill 1n the art to which
the present application pertains, unless otherwise defined.
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Reference 1s made herein to various methodologies and mate-
rials known to those of skill in the art.

In embodiments, the application provides foamable sun-
screen formulations. In exemplary embodiments, the formu-
lations comprise zinc oxide particles and/or titanium dioxide
particles, and suitably both zinc oxide and titantum dioxide
particles.

As used herein, the term “foamable” or “foam” as it relates
to a formulation refers to an aqueous emulsion system, that
upon actuation with an aerosol, produces a stabilized, homog-
enous, expandable composition that breaks easily upon shear-
ing. The terms foams and foamable formulations are used
interchangeably throughout. Suitably, the foams and foam-
able formulations described herein are for application to a
skin surface of a mammal, suitably a human.

Asused herein the term “sunscreen’ refers to a formulation
that protects the skin from sunburn and erythema by absorb-
ing, reflecting, filtering, scattering and/or blocking ultraviolet
(UV) radiation.

Ultraviolet (UV) radiation includes, UVA, UVB, UVC and
combinations of UVA, UVB and UVC light. See FIG. 1.

In exemplary embodiments, the formulations described
herein further comprise one or more emulsion stabilizers, one
or more skin conditioners, one or more emulsifiers, one or
more suspending agents and water.

Unless otherwise indicated, when referring to an amount of
a component of the formulations, the percent (%) of a com-
ponent refers to the weight percent (weight %; wt %) of the
component 1n the formulation, where the total amounts of all
components equal 100% by weight (100 weight %).

Suitably, the amount of emulsion stabilizer (1.e., one or
more emulsions stabilizers) in the formulations 1s about
0.01% to about 20%, more suitably about 0.05% to about
15%, about 0.05% to about 10%, about 0.05% to about 8%,
about 0.08% to about 7%, about 0.09% to about 6%, about
0.1% to about 5%, about 0.3% to about 5%, about 0.5% to
about 5%, or about 0.5%, about 0.6%, about 0.7%., about
0.8%, about 0.9%, about 1%, about 1.5%, about 2%, about
2.5%, about 3%, about 3.5%, about 4%, about 4.5% or about
5% emulsion stabilizer, including all values and ranges within
these ranges.

Suitably, the amount of skin conditioner (1.e., one or more
skin conditioners) in the formulation 1s about 0.01% to about
30%, more suitably about 0.05% to about 25%, about 0.1% to
about 25%, about 1% to about 25%, about 5% to about 25%,
about 10% to about 25%, about 15% to about 25%, about
10%, about 11%, about 12%, about 13%, about 14%, about
15%, about 16%, about 17%, about 18%, about 19%, about
20%, about 21%, about 22%, about 23%, about 24% or about
25%, including all ranges and values within these ranges.

Suitably, the amount of emulsifier (i.e., one or more emul-
sifiers) 1n the formulations 1s about 0.01% to about 20%, more
suitably about 0.05% to about 20%, about 0.1% to about 20%,
bout 0.1% to about 15%, about 0.1% to about 10%, 0.5% to
bout 10%, about 1% to about 10%, about 2% to about 5%,
bout 2.5% to about 4.5%, about 1%, about 1.5%, about 2%,
bout 2.5%, about 3%, about 3.5%, about 4%, about 4.5%,
bout 5%, about 5.5%, about 6%, about 6.5%, about 7%,
bout 7.5%, about 8%, about 8.5%, about 9%, about 9.5% or
bout 10%, including all values and ranges within these
ranges.

Suitably, the amount of suspending agent (1.¢., one or more
suspending agents) 1s about 0.05% to about 20%, more suit-

ably about 0.1% to about 20%, about 0.1% to about 15%,
about 0.1% to about 10%, about 1% to about 10%, about 2%
to about 6%, about 3.5% to about 5.5%, about 1%, about
1.5%, about 2%, about 2.5%, about 3%, about 3.5%, about
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4%, about 4.5%, about 3%, about 5.5%, about 6%, about
6.5%, about 7%, about 7.5%, about 8%, about 8.5%, about
9%, about 9.5% or about 10%, including all values and ranges
within these ranges.

Suitably, the remainder (1.e., gs) of the formulation com-
positions described herein 1s purified/sterilized/deionized
water. It 1s routine for those of ordinary skill in the art to
determine the required weight percent of water necessary to
make up the remainder o the composition so as to yield 100%
by weight, taking 1into consideration the amounts of the other
ingredients.

As described throughout, in embodiments, the amounts
and particle sizes of the zinc oxide and the titanium dioxide 1n
the formulations are selected so as to produce a minimal
residual whitening effect when the formulations are applied
to a skin surface. The term “minimal residual whitening
effect” 1s used herein to mean that, the formulations when
evenly spread onto a skin surface at a concentration of
between 1-3 mg/cm”, more suitably at a concentration of 2
mg/cm”, for example as set forth in the in the SPF Test
Parameters, Federal Register, vol. 76, no. 117, pages 35644-
35645 (Jul. 17, 2011) (the disclosure of which 1s incorporated
by reference herein 1n 1ts entirety), are not visible on the skin
surface to the naked eye, 1.e., they do not produce a whitening
elfect that 1s visible to the naked eye.

In embodiments, the present application provides formu-
lations that comprise zinc oxide and titanium dioxide, with
specifically selected particle sizes and amounts, so as to pro-
duce a minimal residual whiteming effect when the formula-
tions are applied to a skin surface. Selection of the particle
s1ze and the amounts of the zinc oxide and titanium dioxide 1s
carried out by preparing the desired formulations with the
desired particle sizes and amounts of the zinc oxide and
titanium dioxide, applying the formulations to a skin surface
as described herein, and determining if the formulation leaves
a residual whitening effect on the skin surface.

Sub-micron scale (particles less than 1 um 1n diameter)
titanium dioxide works by absorbing, reflecting and scatter-
ing UVB and some UVA radiation. Zinc oxide provides a
block for ultraviolet light (UVB/UVA). It also retlects inira-
red from the skin, as does titanium dioxide. However, zinc
oxide’s ability to protect 1n the long UVA range, (300-400
nm) 1s much higher than titanium dioxide. Zinc oxide
absorbs, rather than scatters, most UVA, while titanium diox-
ide primarily scatters these wavelengths. Thus, formulated 1n
combination with titantum dioxide, zinc oxide “closes the
window” 1n the UVA range. Zinc oxide works to both comple-
ment titanium dioxide’s protection and extend photoprotec-
tion to the skin where titanium dioxide may be msuificient.

Suitably, in embodiments, the formulations described
herein comprise about 1% to about 25% zinc oxide particles
having a primary particle size of less than about 50 nm. In
exemplary embodiments, the formulations comprise about
3% to about 20% zinc oxide particles, more suitably about 5%
to about 15%, about 7% to about 12%, about 9% to about
11%, or about 1%, about 2%, about 3%, about 4%, about 5%,
about 6%, about 7%, about 8%, about 9%, about 10%, about
11%, about 12%, about 13%, about 14%, about 15%, about
16%, about 17%, about 18%, about 19% or about 20%, zinc
oxide particles.

Suitably, in embodiments, the primary particle size of the
zinc oxide particles 1s less than about 50 nm. As used herein,
“primary particle size” 1s defined as the size (suitably diam-
eter) of disperse, individual particles of a material without any
agglomeration of or between particles. Suitably, 1n embodi-
ments, the zinc oxide particles have a primary particle size
that1s about 10 nm to about 40 nm, more suitably about 10 nm
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to about 30 nm, or about 10 nm, about 11 nm, about 12 nm,
about 13 nm, about 14 nm, about 15 nm, about 16 nm, about
17 nm, about 18 nm, about 19 nm, about 20 nm, about 21 nm,
about 22 nm, about 23 nm, about 24 nm, about 25 nm, about
26 nm, about 27 nm, about 28 nm, about 29 nm or about 30
nm, including primary particle sizes and ranges within these
ranges.

Suitably, 1n embodiments, the formulations described
herein comprise about 1% to about 25% titanium dioxide
particles having a primary particle size of less than about 50
nm. In exemplary embodiments, the formulations comprise
about 3% to about 20% titamium dioxide particles, more
suitably about 5% to about 15, about 7% to about 12%, about
9% to about 11%, or about 1%, about 2%, about 3%, about
4%, about 5%, about 6%, about 7%, about 8%, about 9%,
about 10%, about 11%, about 12%, about 13%, about 14%,
about 15%, about 16%, about 17%, about 18%, about 19% or
about 20%, titanium dioxide particles.

Suitably, in embodiments, the primary particle size of the
titanium dioxide particles 1s less than about 50 nm. Suitably,
the titanium dioxide particles have a primary particle size that
1s about 10 nm to about 40 nm, more suitably about 20 nm to
about 40 nm, or about 20 nm, about 21 nm, about 22 nm,
about 23 nm, about 24 nm, about 25 nm, about 26 nm, about
27 nm, about 28 nm, about 29 nm, about 30 nm, about 31 nm,
about 32 nm, about 33 nm, about 34 nm, about 35 nm, about
36 nm, about 37 nm, about 38 nm, about 39 nm, about 40 nm,
including primary particle sizes and ranges within these
ranges.

In embodiments, the formulations described herein com-
prise either zinc oxide or titantum dioxide particles. In more
suitable embodiments, the formulations comprise both zinc
oxide and titantum dioxide particles.

As used herein an “emulsion stabilizer” refers to a compo-
sition that aids in keeping an emulsion from separating into 1ts
o1l and aqueous components. In embodiments, the emulsion
stabilizer utilized in the formulations described herein 1s a
naturally dertved gum or a modified gum or natural mineral.
Exemplary emulsion stabilizers include, but are not limited
to, acacia, cellulose, crystalline cellulose, gellan, guar, locust
(carob) bean, xanthan, magnesium aluminum silicate, bento-
nite and hectorite clays and the like, including combinations
thereof.

As used herein a “skin conditioner” refers to a composition
that acts as a lubricant on the surface of the skin or a compo-
sition that increases the water content of the surface of the
skin. Exemplary skin conditioners for use 1n the formulations
include, but are not limited to, adipate esters, alkyl benzoates,
tatty acid esters of C, or greater, esterified erucates, laurates,
neopentanoates, salicylates, stearates, triglycerides, carbon-
ates, glycols, glycerin, mineral oi1ls and the like, including
combinations thereof.

As used herein an “emulsifier” refers to a composition that
aids 1n the formation of an o1l 1n water, or a water 1n oil,
emulsion. Exemplary emulsifiers for use in the formulations
include, but are not limited to, polysorbates, ethoxylated fatty
acids, fatty acids neutralized with sodium hydroxide, potas-
sium hydroxide or amines, substituted glucosides, sodium
lauryl and lauryl ether sulfates, ethoxylated esters, lecithin
and lecithin dertvatives and the like, including combinations
thereol.

As used herein a “suspending agent” refers to a composi-
tion that modifies the interface between solid particles and a
liquid medium to improve the particles’ resistance to coming
together and falling out of solution. Exemplary suspending,
agents for use 1n the formulations include, but are not limited
to, hydroxy stearic acid, polyhydroxystearic acid, sodium
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polyacrylate polymers, methyl methacrylate crosspolymers
and the like, including combinations thereof.

In embodiments, the formulations described herein further
comprise a film former. Suitably, the amount of the film
former (i1.e., one or more film formers) 1s about 0.05% to
about 20%, mores suitably about 0.1% to about 20%, about
0.1% to about 15%, about 0.1% to about 10%, about 1% to
about 10%, about 2% to about 6%, about 3.5% to about 5.5%,
bout 1%, about 1.5%, about 2%, about 2.5%, about 3%,
bout 3.5%, about 4%, about 4.5%, about 5%, about 5.5%,
bout 6%, about 6.5%, about 7%, about 7.5%, about 8%,
bout 8.5%, about 9%, about 9.5% or about 10%, including,
all values and ranges within these ranges.

As used herein a “film former” refers to a composition that
dries to form a thin coating on the skin to impart water
resistance. Exemplary film formers for use in the formula-
tions iclude, but are not limited to, alkyl methacrylate acid
copolymers, acrylates/C,,_s5 alkyl methacrylate copolymer,
acrylates/octylacrylamide copolymer, polyamide-3, polyure-
thates-2, polyurethanes-34, polyurethanes-35, vinyl pyrolli-
done/eicosene copolymer, tricontanyl/polyvinyl pyrollidone,
dimethicone substituted polyacrylates and the like, including
combinations thereof.

In additional embodiments, foamable sunscreen formula-
tions are provided that comprise:

about 1% to about 25% zinc oxide particles having a pri-
mary particle size of less than about 50 nm:;

about 1% to about 25% titanium dioxide particles having a
primary particle size of less than about 50 nm:;

about 0.1% to about 10% emulsion stabilizer;

about 0.1% to about 25% skin conditioner;

about 1% to about 10% emulsifier;

about 0.1% to about 10% suspending agent; and

the remainder water.

As described herein, 1n embodiments, suitably the zinc
oxide particles have a primary particle size of less than about
30 nm, more suitably about 20 nm, or about 10 nm. In suitable
embodiments, the formulations comprise about 10% zinc
oxide particles.

As described herein, 1n embodiments, suitably the titanium
dioxide particles have a primary particle size of about 30 nm,
more suitably about 20 nm. In embodiments, the formulations
comprise about 3% titanium dioxide particles.

In embodiments, the emulsion stabilizers for use i1n the
formulations include, but are not limited to, microcrystalline
cellulose, cellulose gum and the like, including combinations
thereof.

In embodiments, the skin conditioners for use 1n the for-
mulations include, but are not limited to, C,,_, . alkyl ben-
zoate, octyldodecyl neopentanoate, butyl octyl salicylate,
caprylyl glycol, glycerin and the like, including combinations
thereof.

In embodiments, the emulsifiers for use in the formulations
include, but are not limited to, glyceryl stearate, ceteareth-20,
polysorbate 80 and the like, including combinations thereof.

In embodiments, the suspending agents for use in the for-
mulations include, but are not limited to, polyhydroxystearic
acid, methyl methacrylate crosspolymer and the like, includ-
ing combinations thereof.

As described herein, 1n embodiments, the formulations
turther comprise a film former, suitably about 0.5% to about
3%. Exemplary film formers for use in the formulations
include, but are not limited to, polyurethane-2, polymethyl
methacrylate, tricontanyl poly(vinyl pyrollidone) (PVP) and
the like, including combinations thereof.

In additional embodiments, the formulations further com-
prise 1iron oxide particles. By controlling the purity, particle
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s1ze, temperature and rate of drying during manufacture, iron
oxide particles exhibit a number of shades and tones of red,
yellow, black and brown (and blends of these basic colors).
These pigments, iI incorporated at adequate concentration
and properly dispersed 1n not only add color to the formula-
tions, but can contribute significant protection to the skin over
multiple wavelengths of light.

It has been determined that the addition of 1ron oxide
particles having a primary particle size of less than about 50
nm results 1n the addition of a color tone to the formulations,
turther diminishing any residual whitening effect of the sun-
screen formulations described herein by matching the color
of the formulations with that of the color of a skin surface. The
iron oxide particles can be of a single primary particle size
that results 1n a single color, or can be combinations of various
particle sizes, including particles that produce a red, yellow,
brown and/or black color, resulting 1n a tone of the formula-
tion that can be tailored to the desired color.

Suitably, in embodiments, the formulations described
herein comprise about 0.01% to about 10% 1ron oxide par-

ticles having a primary particle size of less than about 50 nm.
In embodiments, the formulations comprise about 0.03% to

about 8%, about 0.05% to about 7%, about 0.05% to about
5%, about 0.1% to about 4%, about 0.1% to about 3%, about
0.1% to about 2%, about 0.1% to about 1%, about 0.05%,
about 0.1%, about 0.15%, about 0.2%, about 0.25%, about
0.3%, about 0.35%, about 0.4%, about 0.45%, or about 0.5%
iron oxide particles.

Suitably, in embodiments, the 1ron oxide particles have a
primary particles size less than about 50 nm. Suitably, the 1iron
oxide particles have a primary particle size that 1s about 10 nm
to about 40 nm, more suitably about 10 nm to about 30 nm, or
about 10 nm, about 11 nm, about 12 nm, about 13 nm, about
14 nm, about 15 nm, about 16 nm, about 17 nm, about 18 nm,
about 19 nm, about 20 nm, about 21 nm, about 22 nm, about
23 nm, about 24 nm, about 25 nm, about 26 nm, about 27 nm,
about 28 nm, about 29 nm or about 30 nm, including primary
particle sizes and ranges within these ranges.

In additional embodiments, foamable sunscreen formula-
tions are provided that comprise:

about 9% to about 11% zinc oxide particles having a pri-
mary particle size of about 20 nm;

about 2% to about 4% titanium dioxide particles having a
primary particle size of about 30 nm;

about 0.5% to about 10% emulsion stabilizer:

about 15% to about 25% skin conditioner;

about 2.5% to about 4.5% emulsifier:;

about 3.5% to about 5.5% suspending agent;

about 1% to about 2.5% film former; and

the remainder water.

In embodiments, the formulations comprise about 10%
zinc oxide particles. In additional embodiments, the formu-
lations suitably comprise about 3% titantum dioxide par-
ticles. In further embodiments, the formulations suitably
comprise about 10% zinc oxide particles and about 3% tita-
nium dioxide particles.

Suitably, the emulsion stabilizers for use in the formula-
tions are microcrystalline cellulose, cellulose gum and com-
binations thereof. Suitably, the skin conditioners for use in the
formulations are C,,_, ; alkyl benzoate, octyldodecyl neopen-
tanoate, butyl octyl salicylate, caprylyl glycol, glycerin and
combinations thereof. Suitably, the emulsifiers are glyceryl
stearate, ceteareth-20, polysorbate 80 and combinations
thereol. Suitably, thee suspending agents are polyhydroxys-
tearic acid, methyl methacrylate crosspolymer and combina-
tions thereol. Suitably, the film formers are polyurethane-2,
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polymethyl methacrylate, tricontanyl poly(vinyl pyrollidone)
(PVP) and combinations thereof.

In additional embodiments, the formulations further com-
prise about 0.05% to about 0.5% 1ron oxide particles having a
primary particle size of less than about 50 nm.

In further embodiments, the present application provides
foamable sunscreen formulations comprising:

about 10% zinc oxide particles having a primary particle
size of about 20 nm;

about 3% titanium dioxide particles having a primary par-
ticle size of about 30 nm;

about 1% microcrystalline cellulose and about 0.2% cel-

lulose gum;

about 16% C,,_, - alkyl benzoate, about 1% octyldodecyl
neopentanoate, about 1% butyl octyl salicylate;

about 1.2% glyceryl stearate, about 0.5% ceteareth-20, and
about 2% polysorbate 80;

about 1.8% polyhydroxystearic acid and about 2.7%
methyl methacrylate crosspolymer;

about 0.8% polyurethane-2, about 0.3% polymethyl meth-
acrylate and about 0.6% tricontanyl PVP film; and

about 50% to about 60% water and a preservative.

Suitably, such formulations further comprise about 0.05%
to about 1.0% 1ron oxide particles having a primary particle
s1ze of less than about 50 nm.

In further embodiments, provided herein are foamable sun-
screen formulations comprising some portion of particles that
have a primary particle size larger than about 100 nm. In such
embodiments, pigments are used to result in a formulation
that still produces a mimimal residual whitening effect, even
though the formulations comprise particles that are larger
than 100 nm, by coloring the formulations to match the color
ol a skin surface.

In embodiments, foamable sunscreen formulations are
provided that comprise active particles comprising zinc oxide
particles and titanium dioxide particles. The formulations
also comprise about 0.1% to about 10% emulsion stabilizer,
about 0.1% to about 25% skin conditioner, about 0.1% to
about 10% emulsifier, about 0.1% to about 10% suspending
agent, one or more pigments and the remainder water. Suit-
ably the formulations comprise at least about 5 wt % of the
active particles have a primary particle size greater than about
100 nm. As described herein, suitably the formulation pro-
duces a minmimal residual whitening effect when applied to a
skin surface.

As utilized herein, “active particles™ 1s used to mean par-
ticles that either absorb, reflect and/or scatter UVA and/or
UVB light, so as to produce a formulation that protects the
skin from sunburn and erythema by absorbing, reflecting,
filtering, scattering and/or blocking ultraviolet (UV) radia-
tion. Suitably, active particles comprise zinc oxide and/or
titanium dioxide particles.

In embodiments, at least 1%, suitably at least 5% of the
active particles have a primary particle size greater than about
100 nm. That 1s, at least 1% by weight of the total weight of
active particles utilized 1n a formulation have a primary par-
ticle size greater than about 100 nm. More suitably, at least
about 10% of the active particles have a primary particle size
greater than 100 nm, or at least about 15%, at least about 20%,
at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 95%, or
about 100% of the active particles have a primary particle size
greater than about 100 nm.
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In embodiments, at least about 5% of the active particles
have a primary particle size greater than about 100 nm, suit-
ably greater than about 200 nm, greater than about 300 nm,
greater than about 400 nm, greater than about 500 nm, greater
than about 600 nm, greater than about 700 nm, greater than
about 800 nm, greater than about 900 nm, or about 1 um.
Suitably, an upper limit for the primary particle size 1s about
800 nm to about 900 nm, generally where the formulations
begin to feel gritty or grainy when applied to a skin surface.
Thus, in embodiments, the primary particle size 1s about 100
nm to about 900 nm, about 100 nm to about 800 nm, about
100 nm to about 700 nm, about 100 nm to about 600 nm,
about 100 nm to about 500 nm, about 100 nm to about 400
nm, about 100 nm to about 300 nm, or about 100 nm to about
200 nm, 1including values and ranges within these si1ze ranges.
For example, titanium dioxide particles can have a primary
particle size of about 1350 nm to about 10,000 nm, with amean
of about 1100 nm and zinc oxide particles can have a primary
particle size of about 150 nm to about 5350 nm, with a mean of
about 380 nm.

In certain embodiments, the formulations comprise active
particles comprising zinc oxide particles having a primary
particle size greater than about 100 nm and titanium dioxide
particles having a primary particle size less than about 50 nm
in size. Titanium dioxide particles having a primary particle
s1ze less than about 50 nm 1n size are described herein.

In further embodiments, the formulations comprise active
particles comprising titanium dioxide particles having a pri-
mary particle size greater than about 100 nm 1n si1ze and zinc
oxide particles having a primary particle size less than about
50 nm 1n s1ze. Zinc oxide particles having a primary particle
s1ze less than about 50 nm are described herein.

In still further embodiments, the formulations comprise
active particles comprising titantum dioxide particles having
a primary particle size greater than about 100 nm 1n size and
zinc oxide particles having a primary particle size greater than
about 100 nm 1n size.

As described throughout, 1n exemplary embodiments, an
exemplary emulsion stabilizer 1s a naturally derived gum or a
modified gum or natural mineral, including an emulsion sta-
bilizer selected from the group consisting of acacia, cellulose,
crystalline cellulose, gellan, guar, locust (carob) bean, xan-
than, magnesium aluminum silicate, bentonite and hectorite
clays and/or combinations thereof.

Exemplary skin conditioners include those described
throughout, such as adipate esters, alkyl benzoates, fatty acid
esters of C, or greater, esterified erucates, laurates, neopen-
tanoates, salicylates, stearates, triglycerides, carbonates, gly-
cols, glycerin, mineral oils and combinations thereof. Exem-
plary emulsifiers include polysorbates, fatty acids and their
alkaline salts, ethoxylated fatty acids and their alkaline salts
of sodium hydroxide, potassium hydroxide and amines, sub-
stituted glucosides, sodium lauryl sulfate and lauryl ether
sulfates, ethoxylated esters, lecithin and lecithin derivatives
and combinations thereof.

In embodiments, exemplary suspending agents include
hydroxy stearic acid, polyhydroxystearic acid, sodium poly-
acrylate polymers, methyl methacrylate crosspolymers and
combinations thereof.

As described herein, the formulations can further comprise
about 0.1% to about 10% film former, including alkyl meth-
acrylate acid copolymers, acrylates/C, ,_,, alkyl methacrylate
copolymer, acrylates/octylacrylamide copolymer, polya-
mide-3, polyurethane-2, polyurethanes-34, polyurethanes-
35, vinyl pyrollidone/eicosene copolymer, tricontanyl/poly-
vinyl pyrollidone, dimethicone substituted polyacrylates and
combinations thereof.
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As utilized herein, the term “pigments™ means one or more
dyes, particles, elements, or other agents that are used to
color, tint or otherwise modily the visual appearance of a
formulation as 1t appears on a skin surface. Suitable pigments
for use 1n the formulations described herein include, but are
not limited to, 1rron oxide particles, aluminum powder, bartum
sulfate, various root extracts, mineral coloring agents, and
various dyes.

Suitably, as described herein, the pigments utilized 1n the
formulations are iron oxide particles having a primary par-
ticle size of less than about 50 nm. Use of 1iron oxide particles
in the formulations comprising active particles having a pri-
mary particle size greater than about 100 nm, results in the
addition of a color tone to the formulations, diminishing or
removing any residual whitening effect of the sunscreen for-
mulations by matching the color of the formulations with that
of the color of a skin surface. The 1ron oxide particles can be
of a single primary particle size that results in a single color,
or can be combinations of various particle sizes, including
particles that produce a red, yellow, brown and/or black color,
resulting in a tone of the formulation that can be tailored to the
desired color. Suitably the foamable sunscreen formulations
comprise 1ron oxide particles comprising red 1ron oxide par-
ticles, yellow 1ron oxide particles or black 1rron oxide particles
(1.e., iron oxide particles that result 1n these colors due to their
particle size), and mixtures thereof. As described herein, the
amount ol 1ron oxide particles can be varied based on the
desired coloration 1n the formulation, and suitably, the 1ron
oxide particles are present at about 0.01 wt % to about 1 wt %
in the formulations.

In further embodiments, a foamable sunscreen formulation
1s provided comprising:

active particles comprising zinc oxide particles having a
primary

particle size of less than about 50 nm and titanium dioxide
particles

having a primary particle size of greater than about 100 nm;

about 0.1% to about 10% emulsion stabilizer:

about 0.1% to about 25% skin conditioner;

about 1% to about 10% emulsifier;

about 0.1% to about 10% suspending agent;

iron oxide particles; and

the remainder water.

As described herein, suitably at least about 5 wt % of the
active particles are greater than about 100 nm 1n size, and the
formulation produces a minimal residual whitening effect
when applied to a skin surface.

Suitably, the emulsion stabilizer 1s selected from the group
consisting of microcrystalline cellulose, cellulose gum and
combinations thereof. Exemplary skin conditioners include
C,,_;5s alkyl benzoate, octyldodecyl neopentanoate, butyl
octyl salicylate, caprylyl glycol, glycerin and combinations
thereof. Suitable emulsifiers are elected from the group con-
s1sting of glyceryl stearate, ceteareth-20, polysorbate 80 and
combinations thereof. Exemplary suspending agents are
selected from the group consisting of polyhydroxystearic
acid, methyl methacrylate crosspolymer and combinations
thereof.

Suitably the formulations further comprise about 0.5% to
about 3% film former, such as polyurethane-2, polymethyl
methacrylate, tricontanyl poly(vinyl pyrollidone) (PVP) and
combinations thereof.

As described herein, suitably at least about 20% of the
active particles have a primary particle size greater than about
100 nm 1n size, more suitably at least about 50%, or at least
about 75% of the active particles have a primary particle size
greater than about 100 nm 1n size.
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In embodiments, the 1iron oxide particles comprise red 1ron
oxide particles, yellow 1ron oxide particles or black iron oxide
particles, and mixtures thereot, suitably present at about 0.01
wt % to about 1 wt %.

Also provided are foamable sunscreen formulations com- 5
prising:

active particles comprising titanmium dioxide particles hav-
Ing a primary

particle size of less than about 50 nm and zinc oxide par-
ticles having a 10

primary particle size of greater than about 100 nm;

about 0.1% to about 10% emulsion stabilizer;

about 0.1% to about 25% skin conditioner;

about 1% to about 10% emulsifier:

about 0.1% to about 10% suspending agent; 15

iron oxide particles; and

the remainder water.

Suitably, at least about 5 wt % of the active particles have a
primary particle size greater than about 100 nm, and wherein
the formulation produces a minimal residual whitening effect 20
when applied to a skin surface.

Exemplary components of the formulations and size
ranges of the active particles are described herein.

Also provided are foamable sunscreen formulations com-
prising: 25
active particles comprising titanium dioxide particles hav-

Ing a primary

particle size of greater than about 100 nm and zinc oxide
particles

having a primary particle size of greater than about 100nm; 30

about 0.1% to about 10% emulsion stabilizer:

about 0.1% to about 25% skin conditioner;

about 1% to about 10% emulsifier:;

about 0.1% to about 10% suspending agent;

iron oxide particles; and 35

the remainder water.

Suitably the formulation produces a mimimal residual whit-
ening effect when applied.

In additional embodiments, foamable sunscreen formula-
tions are provided comprising: 40
active particles comprising zinc oxide particles having a
primary particle size of less than about 50 nm and tita-
nium dioxide particles having a primary particle size of

greater than about 100 nm;

about 1% microcrystalline cellulose and about 0.2% cel- 45

lulose gum;

about 16% C,,_, - alkyl benzoate, about 1% octyldodecyl

neopentanoate, about 1% butyl octyl salicylate;

about 1.2% glyceryl stearate, about 0.5% ceteareth-20, and

about 2% polysorbate 80; 50

about 1.8% polyhydroxystearic acid and about 2.7%

methyl methacrylate crosspolymer;

about 0.8% polyurethane-2, about 0.3% polymethyl meth-

acrylate and about 0.6% tricontanyl PVP film;

iron oxide particles comprising red iron oxide particles, 55

yellow 1ron oxide particles or black 1ron oxide particles,

and mixtures thereotf and about 50% to about 60% water.
Suitably, at least about 5 wt % of the active particles have a
primary particle size greater than about 100 nm 1n size, and
the formulation produces a minimal residual whitening effect 60
when applied to a skin surface.

In suitable embodiments, at least about 20% of the active
particles have a primary particle size greater than about 100
nm, more suitably at least about 50% of the active particles
have a primary particle size greater than about 100 nm, or at 65
least about 75% of the active particles have a primary particle

s1ize greater than about 100 nm. Suitably the formulations
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comprise about 0.05% to about 1.0% 1ron oxide particles
having a primary particle size of less than about 50 nm.

Also provide are foamable sunscreen formulations com-
prising;:

active particles comprising titanium dioxide particles hav-

ing a primary particle size of less than about 50 nm and
zinc oxide particles having a primary particle size of
greater than about 100 nm;;

about 1% microcrystalline cellulose and about 0.2% cel-

lulose gum; about 16% C, ,_, < alkyl benzoate, about 1%
octyldodecyl neopentanoate, about 1% butyl octyl sali-
cylate;

about 1.2% glyceryl stearate, about 0.5% ceteareth-20, and

about 2% polysorbate 80;

about 1.8% polyhydroxystearic acid and about 2.7%

methyl methacrylate crosspolymer;

about 0.8% polyurethane-2, about 0.3% polymethyl meth-

acrylate and about 0.6% tricontanyl PVP film;

iron oxide particles comprising red iron oxide particles,

yellow 1ron oxide particles or black 1ron oxide particles,
and mixtures thereof; and

about 50% to about 60% water.

Suitably, at least about 5 wt % (or about 20%, about 50% or
about 75%) of the active particles have a primary particle size
greater than about 100 nm, and suitably the formulations
produce a minimal residual whitening effect when applied to
a skin surface. Suitably the formulations comprise about
0.05% to about 1.0% iron oxide particles having a primary
particle size of less than about 50 nm.

Also provided are foamable sunscreen formulations com-
prising;:

active particles comprising titanium dioxide particles hav-

ing a primary particle size of greater than about 100 nm
and zinc oxide particles having a primary particle size of
greater than about 100 nm;

about 1% microcrystalline cellulose and about 0.2% cel-

lulose gum; about 16% C, ,_, ; alkyl benzoate, about 1%
octyldodecyl neopentanoate, about 1% butyl octyl sali-
cylate;

about 1.2% glyceryl stearate, about 0.5% ceteareth-20, and

about 2% polysorbate 80;

about 1.8% polyhydroxystearic acid and about 2.7%

methyl methacrylate crosspolymer;

about 0.8% polyurethane-2, about 0.3% polymethyl meth-

acrylate and about 0.6% tricontanyl PVP film;

iron oxide particles comprising red iron oxide particles,

yellow 1ron oxide particles or black 1ron oxide particles,

and mixtures thereot and about 50% to about 60% water.
Suitably the formulations produce a minimal residual whit-
ening eflect when applied to a skin surface. In embodiments,
the formulations comprise about 0.05% to about 1.0% 1ron
oxide particles having a primary particle size of less than
about 50 nm.

It should be noted that for formulations comprising tita-
nium dioxide particles and zinc oxide particles having a pri-
mary particle size larger than about 100 nm that the formu-
lations can also further comprise titammum dioxide or zinc
oxide particles having a primary particle size of less than
about 100 nm, suitably less than about 50 nm, as described
herein. In additional embodiments, formulations that com-
prise titanium dioxide particles and zinc oxide particles hav-
ing a primary particle size larger than about 100 nm can
specifically exclude titanium dioxide particles and zinc oxide
particles having a primary particle size less than 100 nm or
less than 50 nm.
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Also provided herein are methods of preventing sun dam-
age to a patient’s skin surface, comprising applying the foam-
able sunscreen formulations described throughout topically
to the surface of the skin.

As used herein “preventing sun damage” means that the
formulations described throughout provide a suificient bar-
rier to the UVA and/or UVB radiation of the sun so as to
reduce, limit or suitably eliminate, damage (1.e., degradation,
mutations, skin burn) to cells, tissues, nucleic acids (DNA/
RINA), etc. caused by the exposure of a skin surface to such
radiation.

In exemplary embodiments, the foamable sunscreen for-
mulations are applied at least once a day. Suitably, such
formulations are applied on an as-needed basis throughout

the day according to a patient’s exposure to sun or other forms

of UVA/UVB radiation.

As described herein, the foamable sunscreen formulations
are suitably applied to any skin surface, including for
example, the arms, face, legs, legs, chest, trunk or hands.

In further embodiments, foamable sunscreen formulations
are provided that consist of or consist essentially of the recited
components at the recited amounts.

In formulations that consist essentially of the recited ingre-
dients, such formulations specifically exclude other sun-
blocking agents, as the addition of such agents would be
considered a material alteration to such formulations and 1s
thus excluded from such formulations that consist essentially
of the recited ingredients at the recited amounts.

It will be readily apparent to one of ordinary skill 1n the
relevant arts that other suitable modifications and adaptations
to the methods and applications described herein can be made
without departing from the scope of any of the embodiments.
The following examples are included herewith for purposes
of 1llustration only and are not intended to be limiting.

EXAMPLES

Example 1

Exemplary Formulations Comprising Particles Less
than 100 nm

Below are examples of stable/non-separating formulations
containing only zinc oxide particles, only titanium dioxide
particles, and a combination of both zinc oxide and titantum
dioxide particles as active ingredients. Suitably, the zinc
oxide have a primary particle size of 20 nm and the titanium
dioxide particles have a primary particle size of 30 nm.

Formulation #1 #2 #3
Ingredient Wt % Wt % Wt %
Water gs to 100%  qgsto 100%  gs to 100%
Microcrystalline Cellulose 1.0 1.0 1.0
Cellulose Gum 0.2 0.2 0.2
Polyurethane-2 0.8 0.8 0.8
Polymethyl Methacrylate 0.3 0.3 0.3
C 5.5 Alkyl Benzoate 16.0 16.0 16.0
Octododecyl Neopentanoate 1.0 1.0 1.0
Butyl Octyl Salicylate 1.0 1.0 1.0
Cetearyl Alcohol 1.5 1.5 1.5
Glyceryl Stearate 1.3 1.3 13
Ceteareth-20 0.5 0.5 0.5
Polysorbate 80 2.0 2.0 2.0
Polyhydroxystearic Acid 1.8 1.8 1.8
Glycereth-26 0.5 0.5 0.5
Tricontanyl PVP 0.5 0.5 0.5
Zinc Oxide 10.0 — 10.0
Titanium Dioxide — 3.0 3.0
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-continued
Formulation #1 #2 #3
Ingredient Wt % Wt % Wt %
Methyl Methacrylate 2.8 2.8 2.8
Crosspolymer
Preservative 1.0 1.0 1.0

Zinc Oxide was obtained from Kobo Products, Inc., South

Plainfield, N.J. Titanium Dioxide was obtained from Sensient
Technologies, Milwakee, Wis.

These formulations when aerosolized and applied to the
skin, do not leave a white residue visible to the naked eye, 1.e.,
they produce a mimimal residual whitening effect.

Below are examples of stable/non-separating formulations
containing only zinc oxide particles, only titantum dioxide
particles, and a combination of both zinc oxide and titantum
dioxide particles as active ingredients, and also containing
iron oxide pigments to add color to the formulation to match
appropriate skin tones. Suitably, the zinc oxide particles have
a primary particle size of 20 nm and the titanium dioxide
particles have a primary particle size of 30 nm.

Formulation #H4 #5 #H6
Ingredient Wt % Wt % Wt
Water gs to 100%  gsto 100%  gs to 100%
Microcrystalline Cellulose 1.0 1.0 1.0
Cellulose Gum 0.2 0.2 0.2
Polyurethane-2 0.8 0.8 0.8
Polymethyl Methacrylate 0.3 0.3 0.3
C,5_ ;5 Alkyl Benzoate 16.0 16.0 16.0
Octododecyl Neopentanoate 1.0 1.0 1.0
Butyl Octyl Salicylate 1.0 1.0 1.0
Cetearyl Alcohol 1.5 1.5 1.5
Glyceryl Stearate 1.3 1.3 1.3
Ceteareth-20 0.5 0.5 0.5
Polysorbate 80 2.0 2.0 2.0
Polyhydroxystearic Acid 1.8 1.8 1.8
Glycereth-26 0.5 0.5 0.5
Tricontanyl PVP 0.5 0.5 0.5
Zinc Oxide 10.0 — 10.0
Titanium Dioxide — 3.0 3.0
Methyl Methacrylate 2.8 2.8 2.8
Crosspolymer

Preservative 1.0 1.0 1.0
[ron Oxide Red CI 77491 0.12 0.12 0.12
[ron Oxide Yellow CI 77492 0.30 0.30 0.30
Iron Oxide Black CI 77499 0.05 0.05 0.05

Zinc Oxide was obtained from Kobo Products, Inc., South
Plainfield, N.J. Titanium Dioxide was obtained from Sensient

Technologies, Milwakee, Wis.

These formulations when aerosolized and applied to the
skin, do not leave a white residue visible to the naked eye, 1.e.,
the produce a minimal residual whitening effect. The red,
yellow, and black iron oxide pigments can be adjusted 1n any
proportion or eliminated entirely as illustrated above to match
skin tones based on the Fitzpatrick Skin Prototype Scale. The
Fitzpatrick scale 1s the common reference in dermatology for
classiiying skin tone from very light (SPT I) to very dark (SPT
VI). This scale 1s given below:

Classification of Fitzpatrick’s Skin Prototvpes (SPT)

SPT Basic Skin Color Response to Sun Exposure
I Pale White Does not tan, burns easily
11 White Tan with difficulty, burns

easily
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-continued

Classification of Fitzpatrick’s Skin Prototypes (SPT)

SPT Basic Skin Color Response to Sun Exposure
I11 White Tan after mmitial sunburmn
IV Lt. Brown/Olive Tan easily
V Brown Tan easily
VI Black Become darker

Example 2

Exemplary Formulations Comprising Particles
Greater than 100 nm

Provided below are formulations utilizing active particles
comprising zinc oxide particles having a primary particle size
greater than about 100 nm and titantum dioxide particles
having a primary particle size of about 30 nm. These formu-
lations demonstrate the use of 1ron oxide particles to match
several skin tones on the Fitzpatrick Skin Prototype classifi-
cation by moditying the amounts or red, yellow and black iron
oxide particles.

Formulation # #8 #9
Ingredient Wt % Wt % Wt %
Water gs to 100%  qgqsto 100%  gsto 100%
Microcrystalline Cellulose 1.0 1.0 1.0
Cellulose Gum 0.2 0.2 0.2
Polyurethane-2 0.8 0.8 0.8
Polymethyl Methacrylate 0.3 0.3 0.3
C 5 s Alkyl Benzoate 16.0 16.0 16.0
Octododecyl Neopentanoate 1.0 1.0 1.0
Butyloctyl Salicylate 1.0 1.0 1.0
Cetearyl Alcohol 1.5 1.5 1.5
Glyceryl Stearate 1.3 1.3 1.3
Ceteareth-20 0.5 0.5 0.5
Polysorbate 80 2.0 2.0 2.0
Polyhydroxystearic Acid 1.8 1.8 1.8
Glycereth-26 0.5 0.5 0.5
Tricontanyl PVP 0.5 0.5 0.5
Zinc Oxide (>100 nm) 10.0 10.0 10.0
Zinc Oxide (<100 nm) — — —
Titanium Dioxide (>100 nm) — — —
Titanium Dioxide (28-32 nm) 3.0 3.0 3.0
Methyl Methacrylate 2.8 2.8 2.8
Crosspolymer

Preservative 1.0 1.0 1.0
Iron Oxide Red CI 77491 0.13 0.36 0.65
[ron Oxide Yellow CI 77492 0.23 0.72 1.43
[ron Oxide Black CI 77499 0.03 0.19 0.21

The mean primary particle size of the zinc oxide particles

was about 380 nm, with a range of about 150 nm to about 550

nimn

Zinc Oxide was obtained from BASF Corp., Florham Park,
N.J. Titanium Dioxide was obtained from Sensient Technolo-

gies, Milwakee, Wis.
Results 1n matching the skin tone to the Fitzpatrick Skin
Prototype classification are given 1n the table below.

Formulation Fitzpatrick Skin Prototype
Number Shade Match
7 Light I to IT*
8 Medium ITto IITT
9 Darker Greater than IIT"
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These formulations utilize 76.9% of the total amount of Tita-
nium Dioxide and Zinc Oxide (active particles) having a
primary particle size greater than about 100 nanometers. Skin
tone can be matched to any desired shade by adjusting the
amounts and combinations of the 1rron oxide pigments.

Provided below are formulations utilizing active particles
comprising titanium dioxide particles having a primary par-
ticle size greater than about 100 nm and zinc oxide particles
having a primary particle size of about 30 nm. These formu-
lations demonstrate the use of 1rron oxide particles to match
several skin tones on the Fitzpatrick Skin Prototype classifi-
cation by modifying the amounts or red, yellow and black iron
oxide particles.

Formulation #10 #11 #12
Ingredient Wt %0 Wt % Wt %
Water gs to 100%  qsto 100%  gs to 100%

Microcrystalline Cellulose 1.0 1.0 1.0
Cellulose Gum 0.2 0.2 0.2
Polyurethane-2 0.8 0.8 0.8
Polymethyl Methacrylate 0.3 0.3 0.3
Ci5_ 15 Alkyl Benzoate 16.0 16.0 16.0
Octododecyl Neopentanoate 1.0 1.0 1.0
Butyloctyl Salicylate 1.0 1.0 1.0
Cetearyl Alcohol 1.5 1.5 1.5
Glyceryl Stearate 1.3 1.3 1.3
Ceteareth-20 0.5 0.5 0.5
Polysorbate 80 2.0 2.0 2.0
Polyhydroxystearic Acid 1.8 1.8 1.8
Glycereth-26 0.5 0.5 0.5
Tricontanyl PVP 0.5 0.5 0.5
Zinc Oxide (>100 nm) — — —
Zinc Oxide (30nm) 10.0 10.0 10.0
Titanium Dioxide (>100 nm) 3.0 3.0 3.0
Titanium Dioxide (28-32 nm) - - -
Methyl Methacrylate 2.8 2.8 2.8
Crosspolymer

Preservative 1.0 1.0 1.0
Iron Oxide Red CI 77491 0.13 0.36 0.65
[ron Oxide Yellow CI 77492 0.23 0.72 1.43
[ron Oxide Black CI 77499 0.03 0.19 0.21

The mean primary particle size of the titantum dioxide
particles was about 1100 nm, with arange of about 150 nm to
about 10,000 nm.

Zinc Oxide was obtained from Kobo Products, Inc., South
Plainfield, N.J. Titanium Dioxide was obtained from Kobo
Products, Inc., South Plainfield, N.J.

Results 1n matching the skin tone to the Fitzpatrick Skin
Prototype classification are given 1n the table below.

Formulation Fitzpatrick Skin Prototype
Number Shade Match
10 Light [to ITF
11 Medium II" to IIIF
12 Darker Greater than I1I7

These formulations utilize 23.1% of the total amount of Tita-
nium Dioxide and Zinc Oxide (active particles) having a
primary particle size greater than about 100 nanometers. The
overall residual whiteness 1s less than that of formulations #’s
7,8 & 9 above. Skin tone can be matched to any desired shade
by adjusting the amounts and combinations of the iron oxide
pigments.

Provided below are formulations utilizing active particles
comprising titanium dioxide particles having a primary par-
ticle size greater than 100 nm and zinc oxide particles having
a primary particle size greater than 100 nm. These formula-
tions demonstrate the use of iron oxide particles to match
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several skin tones on the Fitzpatrick Skin Prototype classifi-
cation by modifying the amounts or red, yellow and black iron
oxide particles.

Formulation #13 #14 #15
Ingredient Wt % Wt % Wt %
Water gs to 100%  qsto 100%  gsto 100%
Microcrystalline Cellulose 1.0 1.0 1.0
Cellulose Gum 0.2 0.2 0.2
Polyurethane-2 0.8 0.8 0.8
Polymethyl Methacrylate 0.3 0.3 0.3
C 5. 15 Alkyl Benzoate 16.0 16.0 16.0
Octododecyl Neopentanoate 1.0 1.0 1.0
Butyloctyl Salicylate 1.0 1.0 1.0
Cetearyl Alcohol 1.5 1.5 1.5
Glyceryl Stearate 1.3 1.3 1.3
Ceteareth-20 0.5 0.5 0.5
Polysorbate 80 2.0 2.0 2.0
Polyhydroxystearic Acid 1.8 1.8 1.8
Glycereth-26 0.5 0.5 0.5
Tricontanyl PVP 0.5 0.5 0.5
Zinc Oxide (>100 nm) 10.0 10.0 10.0
Zinc Oxide (30 nm) — — —
Titanium Dioxide (>100 nm) 3.0 3.0 3.0
Titanium Dioxide (28-32 nm) — — —
Methyl Methacrylate 2.8 2.8 2.8
Crosspolymer

Preservative 1.0 1.0 1.0
Iron Oxide Red CI 77491 0.13 0.36 0.65
[ron Oxide Yellow CI 77492 0.23 0.72 1.43
[ron Oxide Black CI 77499 0.03 0.19 0.21

The mean primary particle size of the zinc oxide particles
was about 380 nm, with a range of about 150 nm to about 550
nm.

The mean primary particle size of the titanium dioxide
particles was about 1100 nm, with arange of about 150 nm to
about 10,000 nm.

Zinc Oxide was obtained from BASF Corp., Florham Park,
N.J. Titantum Dioxide was obtained from Kobo Products,
Inc., South Plainfield, N.J.

Results 1n matching the skin tone to the Fitzpatrick Skin
Prototype classification are given 1n the table below.

Formulation Fitzpatrick Skin Prototype

Number Shade Match
13 Light [ to ITF
14 Medium IIT to IIIF
15 Darker Greater than IITT

These formulations utilize 100.0% of the total amount of
Titanium Dioxide and Zinc Oxide (active particles) having a
primary particle size greater than about 100 nanometers,
therefore the overall residual whiteness 1s darker than that of
formulations described above (Formulations #:7-12). Skin
tone can be matched to any desired shade by adjusting the
amounts and combinations of the 1ron oxide pigments.

It 15 to be understood that while certain embodiments have
been 1llustrated and described herein, the claims are not to be
limited to the specific forms or arrangement of parts
described and shown. In the specification, there have been
disclosed 1illustrative embodiments and, although specific
terms are employed, they are used 1n a generic and descriptive
sense only and not for purposes of limitation. Modifications
and variations of the embodiments are possible 1n light of the

above teachings. It 1s therefore to be understood that the
embodiments may be practiced otherwise than as specifically

described.
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What 1s claimed 1s:

1. A foamable sunscreen formulation comprising:

active particles comprising zinc oxide particles having a
primary particle size of less than about 50 nm and tita-
nium dioxide particles having a primary particle size of
greater than about 100 nm;

b) about 1 wt % microcrystalline cellulose and about 0.2 wt
% cellulose gum:;

c) about 16 wt % C,,_,s alkyl benzoate, about 1 wt %
octyldodecyl neopentanoate, and about 1% wt % butyl
octyl salicylate;

d) about 1.2 wt % glyceryl stearate, about 0.5 wt % cet-
carcth-20, and about 2 wt % polysorbate 80;

¢) about 1.8 wt % polyhydroxystearic acid and about 2.7 wt
% methyl methacrylate crosspolymer;

1) about 0.8 wt % polyurethane-2, about 0.3 wt % polym-
cthyl methacrylate and about 0.6 wt % tricontanyl PVP
film;

g) 1ron ox1de particles comprising red iron oxide particles,
yellow 1ron oxide particles, black 1ron oxide particles, or
mixtures thereof; and

h) about 50 wt % to about $0 wt % water,
wherein at least about 5 wt % of the active particles have a
primary particle size greater than about 100 am, and wherein
the formulation produces a minimal residual whitening etfect
when applied to a skin surtace.

2. The foamable sunscreen formulation of claim 1, wherein
at least about 20 wt % of the active particles have a primary
particle size greater than about 100 nm.

3. The foamable sunscreen formulation of claim 2, wherein
at least about 50 wt % of the active particles have a primary
particle size greater than about 100 nm.

4. The foamable sunscreen formulation of claim 3, wherein
at least about 75 wt % of the active particles have a primary
particle size greater than about 100 nm.

5. The foamable sunscreen formulation of claim 1, com-
prising about 0.05 wt % to about 1.0 wt % 1ron oxide particles
having a primary particle size of less than about 50 nm.

6. A foamable sunscreen formulation comprising:

a) active particles comprising titanium dioxide particles
having a primary particle size of less than about 50 nm
and zinc oxide particles having a primary particle size of
greater than about 100 nm;;

b) about 1 wt % microcrystalline cellulose and about 0.2 wt
% cellulose gum;

c) about 16 wt % C,,_, . alkyl benzoate, about 1 wt %
octyldodecyl neopentanoate, and about 1 wt % butyl
octyl salicylate;

d) about 1.2 wt % glyceryl stearate, about 0.5 wt % cet-
carcth-20, and about 2 wt % polysorbate 80;

¢) about 1.8 wt % polyhydroxystearic acid and about 2.7 wt
% methyl methacrylate crosspolymer;

1) about 0.8 wt % polyurethane-2, about 0.3 wt % polym-
ethyl methacrylate and about 0.6 wt % tricontanyl PVP
film;

g) 1ron ox1de particles comprising red iron oxide particles,
yellow 1ron oxide particles, black 1ron oxide particles, or
mixtures thereot; and

h) about 50 wt % to about 60 wt % water,
wherein at least about 5 wt % of the active particles have a
primary particle size greater than about 100 nm, and wherein
the formulation produces a minimal residual whitening effect
when applied to a skin surface.

7. The foamable sunscreen formulation of claim 6, wherein
at least about 20 wt % of the active particles have a primary
particle size greater than about 100 nm.
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8. The foamable sunscreen formulation of claim 7, wherein
at least about 50 wt % of the active particles have a primary
particle size greater than about 100 nm.

9. The foamable sunscreen formulation of claim 8, wherein
at least about 75 wt % of the active particles have a primary
particle size greater than about 100 nm.

10. The foamable sunscreen formulation of claim 6, com-
prising about 0.05 wt % to about 1.0 wt % 1ron oxide particles

having a primary particle size of less than about 50 nm.

11. A foamable sunscreen formulation comprising:

a) active particles comprising titanium dioxide particles
having a primary particle size of greater than about 100
nm and zinc oxide particles having a primary particle
size of greater than 100 nm:;

b) about 1 wt % microcrystalline cellulose and about 0.2 wt
% cellulose gum;

c) about 16 wt % C,,_,- alkyl benzoate, about 1 wt %
octyldodecyl neopentanoate, and about 1 wt % butyl
octyl salicylate;

d) about 1.2 wt % glyceryl stearate, about 0.5 wt % cet-
careth-20, and about 2 wt % polysorbate 80;

¢) about 1.8 wt % polyhydroxystearic acid and about 2.7 wt
% methyl methacrylate crosspolymer;

1) about 0.8 wt % polyurethane-2, about 0.3 wt % polym-
cthyl methacrylate and about 0.6 wt % tricontanyl PVP
film;

g) iron oxide particles comprising red 1ron oxide particles,
yellow 1ron oxide particles, black 1iron oxide particles, or
mixtures thereot; and

h) about 50 wt % to about 60 wt % water,
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wherein the formulation produces a minimal residual whit-
ening effect when applied to a skin surtace.

12. The foamable sunscreen formulation of claim 11, com-
prising about 0.05 wt % to about 1.0 wt % 1ron oxide particles
having a primary particle size of less than about 50 urn.

13. A method of preventing sun damage to a patient’s skin
surface, comprising applying the foamable sunscreen formu-
lation of claim 1 to the skin surface.

14. The method of claim 13, wherein the foamable sun-
screen formulation 1s applied at least once a day.

15. The method of claim 13, wherein the foamable sun-
screen formulation 1s applied to the arms, face, legs, chest,
trunk or hands.

16. A method of preventing sun damage to a patient’s skin
surface, comprising applying the foamable sunscreen formu-
lation of claim 6 to the skin surface.

17. The method of claim 16, wherein the foamable sun-
screen formulation 1s applied at least once a day.

18. The method of claim 16, wherein the foamable sun-
screen formulation 1s applied to the arms, face, legs, chest,
trunk or hands.

19. A method of preventing sun damage to a patient’s skin
surface, comprising applying the foamable sunscreen formu-
lation of claim 11 to the skin surface.

20. The method of claim 19, wherein the foamable sun-
screen formulation 1s applied at least once a day.

21. The method of claim 19, wherein the foamable sun-
screen formulation 1s applied to the arms, face, legs, chest,
trunk or hands.
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